However, besides the well-studied F-box proteins such as Skp2 (S-phase kinase-associated protein 2) 6 or Fbw7 (F-box and WD repeat domain-containing 7), 7 the physiological function and substrates of many F-box proteins including Fbxo45 remain largely elusive.
Among these under-studied F-box proteins, Fbxo45 has been reported to be involved in neural development and tumorigenesis. 8, 9 Fbxo45 gene was first reported as an estrogen-induced gene that consists of several estrogen receptor-binding consensus sequences. 10 Moreover, 17beta-estradiol treatment induced Fbxo45 expression in MCF-7 breast cancer cells. 10 Interestingly, the alteration of Fbxo45 mRNA levels was not observed in male zebrafish after 17alpha-ethinylestradiol treatment, 11 suggesting that further investigation is required to explore the relationship between Fbxo45 and estrogen in different species. Notably, Fbxo45 was identified as a new attractive candidate gene for schizophrenia. 12 Intriguingly, unlike other F-box proteins, Fbxo45 forms an atypical ubiquitin ligase complex that consists of Skp1 and PAM (protein associated with Myc). 8 Additionally, Fbxo45 contains a SPRY domain at its c-terminus that mediates the interaction with most of its substrates.
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Fbxo45 knockout mice are embryonic lethal due to abnormal innervations of the diaphragm, impaired synapse formation, and aberrant development of axon fiber tracts in the brain, suggesting that Fbxo45 might play a critical role in neural development. 8 Consistently, it has been demonstrated that Fbxo45 regulates neurotransmission by modulating degradation of a synaptic vesicle-priming factor, Munc13-1, at the synapse.
14 Recently, Fbxo45 was also found to mediate proteasome-dependent degradation of the transcription factor p73, a well-characterized tumor suppressor that plays a crucial role in cell cycle and apoptosis. 9 Specifically, depletion of endogenous Fbxo45 stabilizes p73 and sensitizes breast cancer cell line to doxorubicin-induced cell death, indicating that Fbxo45 could exert oncogenic function. 9 Although a line of evidence reveals the oncogenic role of Fbxo45, the exact molecular mechanisms underlying Fbxo45-mediated carcinogenesis are largely unclear.
In this issue of CDD, Chen et al. 15 seek to understand the critical role and molecular mechanisms underlying Fbxo45-mediated ubiquitination of the Par-4 (prostate apoptosis response protein 4) tumor suppressor to regulate cancer cell survival (Figure 1 ). It has been well accepted that Par-4 functions as a tumor suppressor largely through induction of cellular apoptosis of cancer cells. 16 It is important to note that Par-4 triggers apoptosis when it translocates to the nucleus from the cytoplasm. 16 Given that Par-4 induces apoptosis, Par-4 knockout mice develop tumors in multiple organs such as the liver, lung, and endometrium. Consistently, low levels of Par-4 expression are associated with poor prognosis in breast cancer, pancreatic cancer, and lung cancer, 17 further advocating its tumor suppressor role. Accumulating evidence suggests that Par-4 suppresses tumorigenesis via translocating to the nucleus and subsequently inhibiting NF-kB (nuclear factor-kB), Akt, PKCd (protein kinase C d), and TOPO1 (topoisomerase-1). 18, 19 However, the detailed mechanism by which Par-4 induces apoptosis in cancer has not been formally addressed.
Chen et al. The authors also explored whether Fbxo45-mediated degradation of Par-4 is involved in modulating cellular apoptosis in cancer cells. To address this critical question, this group detected the sensitivity of cancer cells expressing the Par-4 wild-type (WT) or Par-4 (3A) mutant to staurosporine-induced apoptosis. 15 To this end, they reported that cells expressing Par-4 (3A) mutant have a significant increase in the number of apoptotic cells compared to the cells with Par-4 (WT). 15 Consistently, TUNEL and western blot analyses for cleaved PARP-1 as additional apoptotic markers confirmed that Par-4 (3A) mutant promoted staurosporineinduced apoptosis. In support of this conclusion, they further showed that misregulated degradation of Par-4 by depletion of Fbxo45 or mutating the degron could also trigger cellular apoptosis. 15 Although this interesting study shed important lights on the roles of Fbxo45 in regulation of apoptosis in cancer cells, a couple of critical questions still need to be answered in followup studies. For example, to validate the physiological role of Fbxo45 in vivo, Fbxo45 transgenic mice should be generated to address whether Fbxo45 facilitates tumorigenesis in part through Par-4 degradation. It also remains unclear whether Fbxo45 mediates degradation of apoptotic proteins other than Par-4 to control tumorigenesis. In this regard, Par-4 has been reported to inhibit tumor growth and metastasis progression. 20 Thus it should be further addressed whether elevated Fbxo45 expression could facilitate tumor metastasis in part via promoting Par-4 degradation. Furthermore, reduced Par-4 expression is correlated to poor prognosis in cancer patients; thus, it is interesting to explore whether Fbxo45 overexpression could also be used as a biomarker of prognosis for human cancers. A more important question is whether tissue-specific Fbxo45 knockout or knockin mouse models could confirm its oncogenic role in tumorigenesis. Without any doubt, further studies are warranted to determine whether Fbxo45 could represent a prospective therapeutic target for human malignancies. 
